Understanding biological complexity is one of the most important scientific challenges nowadays. Protein folding is a complex process involving many interactions between the molecules. Fractional calculus is an effective modeling tool for complex systems and processes. In this work we have proposed a new fractional field theoretical approach to protein folding.
which are generally not specified. Many believe that fractional initial conditions are not physical. In contrast, Caputo derivative of a constant is zero, and a fractional differential equation defined in terms of Caputo derivatives require standard boundary conditions. For these reasons, Caputo fractional derivatives have been popular among engineers and scientists. In this section we briefly present some fundamental definitions. The left and the right partial Riemann-Liouville and Caputo fractional derivatives of order k
 of a function f depending on n variables, 1 ,..., n x x defined over the domain
x are as follow [35] :
The fractional variational principle represents an important part of fractional calculus and has found many applications in physics. As it is mentioned in [30] there are several versions of fractional variational principles and fractional Euler-Lagrange equations due to the fact that we have several definitions for the fractional derivatives. In this work we use new approach presented in [35, 40] where authors developed the action principle for field systems described in terms of fractional derivatives, by use of a functional ( ) S  as: 
Above equation is the Euler-Lagrange equation for the fractional field system and for , 1    , gives the usual Euler-Lagrange equations for classical fields.
Fractional Protein Lagrangian Density
In this section we present our new fractional Lagrangian model on protein folding that is in fact a fractional generalized version of the model presented recently in [41] . Using fractional Lagrangian (1)
model we will be able to consider complex nature of protein folding. Following the model presented in [41, 42] we propose the protein Lagrangian including three terms: I-Nonlinear unfolding 4  −protein at the initial state:
The interaction term (with the coupling constant  ): ]to ensure that all quantities have correct dimensions. The total potential (from all three terms) reads:
Assuming that   is small enough to be approximately at the same order with   , the first term can be expanded in term of   , giving (up to the second order accuracy): 
From the fractional Euler-Lagrangian equations for the total Lagrangian Eq. (6) we have: 
where   − and   −terms determine nonlinearities of backbone and source, respectively.
Solving these two coupled partial differential equations with specific boundary conditions would describe the contour of conformational changes for protein folding.
(8)
Conclusion
There are many different approaches addressing complex phenomena such as protein folding/misfolding however we believe that such these phenomena can be comprehensively understood by using fractional calculus. In this work we have proposed a new fractional field theoretical approach to protein folding. We have derived two coupled partial differential equations (i.e. fractional Sine-Gordon equation and fractional Klein-Gordon equation) that their solutions with specific boundary conditions would describe the contour of conformational changes for protein folding. We hope to present our other result in future showing important role of fractional calculus in describing complex phenomena in bio structures such as protein, DNA and RNA dynamics.
